Abstract Grapes are the richest source of antioxidants due to the presence of potent bioactive phytochemicals. In this study, the phytochemical contents, scavenging activities and protective role against H 2 O 2 -induced oxidative stress in liver tissue ex vivo of four grape (Vitis vinifera) cultivars extracts, namely Flame seedless (black), Kishmish chorni (black with reddish brown), Red globe (red) and Thompson seedless mutant (green), were evaluated. The total phenolics and flavonoids content in pulp or skin fractions of different grape cultivars were in the range of 47.6-310 mg gallic acid equivalent/g fresh weight (fw), and 46.6-733.3 lg catechin equivalent/g fw respectively. The scavenging activities in skin of different grape varieties against 2,2-diphenyl-1-picrylhydrazyl (44-58 %), hydrogen peroxide (15.3-18.6 %), and hydroxyl radicals (50-85 %), were higher than pulp of the corresponding cultivars. These scavenging activities of grape extracts were found to be significantly (p \ 0.01) correlated with the levels of total phenols, flavonoids and ascorbic acid. Liver tissues from goat treated with H 2 O 2 (500 lM) showed significantly decreased GSH content by 42.9 % and activities of catalase by 50 % and glutathione reductase by 66.6 %; while increased thiobarbituric acid reactive substances and nitric oxide level by 2.53-and 0.86-fold, respectively, and activity of glutathione S-transferase by 0.96-fold. Grape skin extracts showed the stronger protective activity against H 2 O 2 -induced oxidative stress in liver tissue ex vivo, than its pulp of any cultivar; and the Flame seedless (black) cultivar showed the highest potential. In conclusion, our study suggested that the higher antioxidant potential, phytochemical contents and significant scavenging capacities in pulp and skin of grape extracts showed the protective action of grape extracts against H 2 O 2 -induced oxidative stress in liver tissue ex vivo.
Introduction
Reactive oxygen and nitrogen species (RONS), the byproducts of cellular metabolic activity, are a wide range of small signaling molecules that include free radicals such as superoxide anion radical, hydroxyl radical, peroxynitrite (ONOO-), and non-free-radicals such as hydrogen peroxide and singlet oxygen [1, 2] . These are constantly generated in cells during normal oxidative processes through a variety of pathways, including both enzyme-catalyzed reactions and nonenzymatic reactions [3] . At physiological concentrations, it may not have harmful effects to cell function [4] . Low to moderate concentrations of RONS show beneficial effects and have physiological roles in cellular responses to anoxia, in defence against infectious agents, in a number of cellular signalling pathways, and the induction of a mitogenic response. The various RONSmediated actions protect cells against ROS-induced oxidative stress and maintain ''redox balance'', also termed ''redox homeostasis'' [5] .
Harmonious cellular metabolic systems are characterized by the perfect balance between the oxidant challenge and antioxidant response [4] . Whenever the balance between RONS generation and the natural antioxidant defense system is lost, due to an increase in RONS production or a decrease in RONS scavenging capacity, this may leads to a series of events that may cause various pathological conditions to almost all vital organs [5, 6] . The resulting oxidative and nitrosative stress, implicated in several human diseases, subsequently damages the cellular bio-molecules such as nucleic acids, lipids and proteins, ultimately resulting in cell death [4, 7, 8] .
Grapes, one of the most popular, widely cultivated, and consumed fruits in the world [9] , are rich in phytochemicals, such as sugars, organic acids, mineral salts, vitamins and enzymes [10] . These phytochemicals are responsible for nutraceutical and health benefits [11] . India grows approximately 20 different cultivars of grapes, under diverse soil and climatic conditions including the Thompson seedless being the most popular cultivar. About 120,000 tonnes of Thompson seedless and its mutants, namely, Tas-A-Ganesh, Sonaka and Manik Chaman are dried for raisins. Some 20,000 tonnes of Bangalore Blue are crushed to make juice, and 10,000 tonnes of Bangalore Blue, Cabernet Sauvignon, Chenin Blanc, Chardonnay, Merlot, Pinot Noir and Uni Blanc are crushed to process into wine annually. In past few years, some of the introduced cultivars have been evaluated in different soil and climatic conditions which include Flame seedless, Red globe, Crimson seedless, Italia and Manjri Naveen [12] . However, no study reported on the scavenging properties and cellular protective actions of grape extracts of different cultivars against oxidative stress.
Aims and Objectives
The objective of the present study was to assess the scavenging properties of different grape (Vitis vinifera) cultivars in relation to their bioactive phytochemical constituents and also to determine their protective action against H 2 O 2 -induced oxidative stress in liver tissue ex vivo.
Materials and Methods

Chemicals
Catechin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), naphthylethylene diamine dihydrochloride (NEDD) from SIGMA Chemical Co; bovine serum albumin (BSA) (fraction V) from Loba Chemie; aluminum chloride-6 hydrate (AlCl 3 , 6H 2 O), 2-deoxy-D-ribose, m-phosphoric acid from Alfa-Aesar; 5,5 0 -dithiobisnitro benzoic acid (DTNB), nicotinamide adenine dinucleotide reduced (NADH), nicotinamide adenine dinucleotide phosphate reduced (NADPH), 5-methylphenazinium methosulfate (PMS), reduced glutathione (GSH), oxidized glutathione (GSSG), glutathione reductase (GR), 2,4-dinitrophenylhydrazine (DNPH), from SRL Chemical Co. Folin-Ciocalteu's phenol reagent and gallic acid were purchased from Merck India Ltd. All other chemicals were purchased from SRL India.
Methods
Grape Analysis
Commonly available four grape (V. vinifera L.) cultivars, namely 'Thompson seedless' (green), 'Red globe' (red), 'Flame seedless' (black), and 'Kishmish chorni' (black with reddish brown) were purchased from local market, and were authenticated from the Department of Fruits and Orchard Management, Faculty of Horticulture, Bidhan Chandra Krishi Viswavidyalaya, Nadia.
The skin and pulp of grapes were separated by squeezing the fruits. Proteins [13] , sugar [14] , ascorbic acid [15] , polyphenols [16] and flavonoids [17] contents were determined.
Scavenging Activities DPPH Radical Scavenging Activity Determination: DPPH (2.4 mg) was dissolved in 100 ml of methanol and diluted to obtain an absorbance of about 0.98 ± 0.02 at 517 nm. An aqueous solution of 0.1 ml (50 mg/ml) of the extract was added in 3 ml of DPPH solution. After incubation for 15 min in dark; absorbance of the mixture was determined at 517 nm [18] .
Hydrogen Peroxide Scavenging Activity Determination: A solution of 50 ll grape extracts (20 mg/ml) was added to 0.6 ml H 2 O 2 solution [40 mM H 2 O 2 in phosphate buffer (0.1 M, pH 7.4)] and the total volume was made up to 3 ml. The absorbance of the reaction mixture was recorded at 240 nm. Phosphate buffer without H 2 O 2 was used as blank [19] .
Hydroxyl Radical Scavenging Activity Determination: Reagent solution was prepared by sequential addition of ferric chloride (10 mM), 0.25 ml of 2-deoxyribose (2.8 mM) in 50 mM phosphate buffer (pH 7.4), 0.1 ml of 1 mM (1:1 v/v) EDTA solution and 0.1 ml of 10 mM H 2 O 2 . A solution of 0.1 ml (40 mg/ml) of the extract was added to the reagent solution. Then 0.1 ml of ascorbate (1 mM) was added and incubated at 37°C for 1 h. In the mixture thiobarbituric acid (TBA) 0.5 % w/v in 1 ml of 50 mM NaOH and 1 ml 10 % w/v trichloroacetic acid (TCA) was added, cooled to room temperature after incubation in a boiling water bath for 15 min. Intensity of chromogen was read at 532 nm [18] .
The scavenging activities were expressed as a percentage of DPPH•/OH•/H 2 O 2 scavenged from the following equation: {(A0 -As)/A0 9 100}, where A0-absorbance of control and As-absorbance in presence of grape extract (sample).
Ex Vivo Studies
The goat liver was collected fresh from a local slaughter house, plunged into cold sterile phosphate buffered saline (PBS) and maintained at 4°C till its use within 2 h of collection. One gram of goat liver slice of 1 mm thickness was mixed with 4.0 ml of sterile PBS in each of ten flasks. The oxidizing agent H 2 O 2 (500 lM) and/or the grape extract (10 mg) from skin or pulp of each cultivar were added and incubated at 37°C with mild shaking for 1 h. Appropriate controls were also set up. After incubation, the goat liver slices were homogenized in the incubation medium and each the homogenate was used for assaying protein [13] , thiobarbituric acid reactive substances (TBARS) [20] , nitrite [21] , reduced glutathione (GSH) [22] , as well as activities of catalase (EC 1.11.1.6) [23] , glutathione peroxidase (GPx; EC 1.11.1.9) [24] , GR (EC 1.6.4.2) [25] and glutathione S-transferase (GST; EC 2.5.1.18) [26] .
Statistical Analysis
Analyses of grape phytochemicals were performed in triplicate, while those performed on the liver slices were replicated five times and the results were expressed as the mean ± standard error (SE). Statistical significance was established by the one-way analysis of variance (ANOVA), followed by Tukey test for individual differences using SPSS, version 13.0 (SPSS Inc., Chicago, IL). Pearson correlation was used to establish the association of phytochemicals with scavenging activities. A p \ 0.05 was set to establish, the statistical significance.
Results
As shown in Table 1 , a significant difference (p \ 0.05) in grape phytochemical content between skin and pulp within the same cultivar was observed. The protein, ascorbic acid, polyphenols and flavonoid content were found in higher concentration in grape skin compared to its pulp; while carbohydrate content was found higher in concentration in grape pulp compared to its skin (Table 1) . Among the grape skin of different cultivars, Flame seedless (black) cultivar showed highest concentration of protein, ascorbic acid, polyphenols and flavonoid, while Thompson seedless (green) cultivar showed lowest concentration. However, maximum carbohydrate content was found in Thompson seedless (green) pulp (Table 1 ). The total phenol and flavonoid contents varied from 47.6 to 310 mg gallic acid equivalent and 46.6-733.3 lg catechin equivalent, respectively in 100 g fresh weight (Table 1) . Data analysis showed a significant correlation between phenol and flavonoid (r = 0.947, p \ 0.01). Though both skin and pulp extracts of grape possess scavenging properties, grape skin showed higher scavenging activity than its pulp. Among the parameters tested, skin of Flame seedless (black) cultivar showed highest scavenging activity (Table 2) . Hydrogen peroxide scavenging activity varied from 4.6 to 18.6 %, at a concentration of 1 mg in 50 ll grape extracts depending on grape cultivar and extract (Table 2) . Hydroxyl radical and DPPH radical scavenging activities in grape skin or pulp were found in the order Flame seedless (black) (Table 2 ). These scavenging activities were found significantly (p \ 0.01) correlated with total polyphenols, flavonoids or ascorbic acid ( Table 3) .
The scavenging properties in grapes were evaluated against H 2 O 2 -induced oxidative stress in intact liver tissues ex vivo (Table 4 ). H 2 O 2 treatment (500 lM) significantly (p \ 0.001) decreased GSH content by 42.9 % and activities of catalase by 50 % and GR by 66.6 %; while increased TBARS and nitric oxide level by 2.53-and 0.86-fold, respectively, and activity of GST by 0.96-fold (Table 4) . While Flame seedless (black) cultivar skin treatment increased GSH content by 58.4 % (p \ 0.001), Red globe cultivar skin increased GSH content by 33.6 % (p \ 0.001), compared to H 2 O 2 -treated liver slice ( (Table 4) .
Discussion
A large portion of the soluble solid in grapes is sugar that varied between 9.2 g to 21.6 g/100 g of fresh weight in this study ( Table 1 ). The protein content varied between 30 and 390 mg/100 g fw depending on cultivar, and skin or pulp. While grape pulp contains high sugar content, other phytochemicals are abundant in skin fractions. However, the biological importance of grape extracts is mainly attributed to its antioxidant properties [27, 28] . Ascorbic acid, a cytosolic antioxidant that present in grapes at low concentrations in pulp than skin of the same cultivar, is reported to be rapidly oxidized [29] . Among the dietary antioxidants, the phenolic compounds, secondary metabolites occurring in plants, are the most abundant natural antioxidants [30] . They protect plants against harmful environmental conditions and are divided in two main categories, namely, flavonoids and nonflavonoids [31] . The significant correlation between the total polyphenol content and flavonoids content, as observed in this study, was also reported in other studies, in grape pomace extracts [32] and buckwheat extracts [33] . The phytochemical composition of grapes, however, varied not only among the different cultivars, but also on skin or pulp of the same cultivar. The antioxidant potential of phytochemicals is generally linked to their ability to scavenge free radicals [34] . In the present study, the antioxidant properties of grape extracts were evaluated by hydrogen peroxide (H 2 O 2 ), hydroxyl radical (OH•) and DPPH-scavenging assays. Studies have reported the free radical scavenging activity measured by DPPH assay and hydroxyl radicals and hydrogen peroxide scavenging by grape extracts [11, 35] . In this study, grape skin showed higher scavenging activity compared to its pulp, and Flame seedless cultivar exhibited highest activity. Earlier studies had also shown that grape skin was good source of phenolics, had a high antioxidant capacity, and could be used as a potential source of natural antioxidants [36] . Significant correlation between the scavenging activities of grape extracts with phytochemicals, such as total phenolics and flavonoids, as observed in the current study, is in agreement with the previous studies [16, 37, 38] .
Hydrogen peroxide (H 2 O 2 ), a non-radical ROS in living organisms, has the ability to penetrate cell membranes, inactivate enzymes by oxidation of thiol groups, and initiate lipid peroxidation [39] . It may give rise to hydroxyl radicals (OH•) and singlet oxygen by reacting with transition metal ions [40] . Hydroxyl radical has the potential of reacting with almost every cellular macromolecules and thereby inducing tissue damage [41, 42] . The scavenging activities of the grape extracts due to its phytochemicals were evaluated for protection of biological systems against oxidants, such as H 2 O 2 . Substantial efforts have been made towards the development of alternative methods to safety studies using laboratory animals in accordance with international acceptance. Animal testing not only should cause as little suffering to animals as possible, but also animal tests should only be performed where necessary. Therefore, precision cut liver slices were used as an in vitro (ex vivo) appropriate model in the present study, mainly because of its simplicity, ease of preparation, retention to normal organ architecture, and the ability to obtain multiple slices from each organ [43] .
The tissue GSH concentration reflects its potential for detoxification and is critical in preserving the proper cellular redox balance for its role as a cellular protectant [44] . The depletion in GSH sensitizes the tissue to oxidative injury and sets up a vicious cycle. Decreased level of GSH, and increased levels of TBARS and nitrite indicates the increased oxidative and nitrosative stress [23] . The reversal of these parameters by grape extracts of different cultivars and skin or pulp, in varying amount as observed in the present study, elicit a varying degree of protective response against the toxic affects of H 2 O 2 .
Hydrogen peroxide is detoxified to water by catalases and peroxidases. Catalase is an intracellular antioxidant enzyme that is mainly located in cellular peroxisomes and to some extent in the cytosol [45] . Decreased catalase activity as observed in the current study might be due to loss of NADPH or generation of superoxide [46] . Catalase is more important when H 2 O 2 levels are low. At higher concentrations of H 2 O 2 , GPx is responsible for detoxifying H 2 O 2 . During this process, GSH is oxidized to oxidized glutathione disulfide (GSSG) which is then reduced back to GSH by GR using NADPH as a cofactor [46] . Significant decrease in GPx activity in isolated liver tissue due to H 2 O 2 treatment might be due to free radical-dependent inactivation of the enzyme or depletion of co-substrates, i.e. GSH and NADPH [46] . GST plays an essential role in liver by eliminating toxic compounds by conjugating them with GSH. Increased GST and decreased GR activities are important factors in H 2 O 2 -induced oxidative stress [46] . The liver tissues treated with grape extracts attenuate the H 2 O 2 -induced alterations in antioxidant status.
In conclusion, our study suggested that scavenging properties of extracts of grape skin and pulp and can attenuate H 2 O 2 -induced alterations in oxidative stress in liver tissue ex vivo. This study also indicated that grape skin possesses higher antioxidant potential than pulp of the same cultivar, and the presence of different phytochemicals contents varies among the different cultivars of grape. 
